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Abstract

The discovery of almost two thousand exoplanets has revealed an unexpectedly diverse planet population.
We see gas giants in few-day orbits, whole multi-planet systems within the orbit of Mercury, and new
populations of planets with masses between that of the Earth and Neptune — all unknown in the Solar
System. Observations to date have shown that our Solar System is certainly not representative of the general
population of planets in our Milky Way. The key science questions that urgently need addressing are
therefore: What are exoplanets made of? Why are planets as they are? How do planetary systems work and
what causes the exceptional diversity observed as compared to the Solar System? The EChO (Exoplanet
Characterisation Observatory) space mission was conceived to take up the challenge to explain this diversity
in terms of formation, evolution, internal structure and planet and atmospheric composition. This requires in-
depth spectroscopic knowledge of the atmospheres of a large and well-defined planet sample for which
precise physical, chemical and dynamical information can be obtained.

In order to fulfil this ambitious scientific program, EChO was designed as a dedicated survey mission for
transit and eclipse spectroscopy capable of observing a large, diverse and well-defined planet sample within
its four-year mission lifetime. The transit and eclipse spectroscopy method, whereby the signal from the star
and planet are differentiated using knowledge of the planetary ephemerides, allows us to measure
atmospheric signals from the planet at levels of at least 10 relative to the star. This can only be achieved in
conjunction with a carefully designed stable payload and satellite platform. It is also necessary to provide
broad instantaneous wavelength coverage to detect as many molecular species as possible, to probe the
thermal structure of the planetary atmospheres and to correct for the contaminating effects of the stellar
photosphere. This requires wavelength coverage of at least 0.55 to 11 um with a goal of covering from 0.4
to 16 um. Only modest spectral resolving power is needed, with R~300 for wavelengths less than 5 uym and
R~30 for wavelengths greater than this.

The transit spectroscopy technique means that no spatial resolution is required. A telescope collecting area of
about 1 m” is sufficiently large to achieve the necessary spectro-photometric precision: for the Phase A study
a 1.13 m’ telescope, diffraction limited at 3 um has been adopted. Placing the satellite at L2 provides a cold
and stable thermal environment as well as a large field of regard to allow efficient time-critical observation
of targets randomly distributed over the sky. EChO has been conceived to achieve a single goal: exoplanet
spectroscopy. The spectral coverage and signal-to-noise to be achieved by EChO, thanks to its high stability
and dedicated design, would be a game changer by allowing atmospheric composition to be measured with
unparalleled exactness: at least a factor 10 more precise and a factor 10 to 1000 more accurate than current
observations. This would enable the detection of molecular abundances three orders of magnitude lower than
currently possible and a fourfold increase from the handful of molecules detected to date. Combining these
data with estimates of planetary bulk compositions from accurate measurements of their radii and masses
would allow degeneracies associated with planetary interior modelling to be broken, giving unique insight
into the interior structure and elemental abundances of these alien worlds.

EChO would allow scientists to study exoplanets both as a population and as individuals. The mission can
target super-Earths, Neptune-like, and Jupiter-like planets, in the very hot to temperate zones (planet
temperatures of 300 K - 3000 K) of F to M-type host stars. The EChO core science would be delivered by a
three-tier survey. The EChO Chemical Census: This is a broad survey of a few-hundred exoplanets, which
allows us to explore the spectroscopic and chemical diversity of the exoplanet population as a whole. The
EChO Origin: This is a deep survey of a subsample of tens of exoplanets for which significantly higher
signal to noise and spectral resolution spectra can be obtained to explain the origin of the exoplanet diversity
(such as formation mechanisms, chemical processes, atmospheric escape). The EChO Rosetta Stones: This
is an ultra-high accuracy survey targeting a subsample of select exoplanets. These will be the bright
"benchmark" cases for which a large number of measurements would be taken to explore temporal
variations, and to obtain two and three dimensional spatial information on the atmospheric conditions
through eclipse-mapping techniques.

If EChO were launched today, the exoplanets currently observed are sufficient to provide a large and diverse
sample. The Chemical Census survey would consist of > 160 exoplanets with a range of planetary sizes,
temperatures, orbital parameters and stellar host properties. Additionally, over the next ten years, several
new ground- and space-based transit photometric surveys and missions will come on-line (e.g. NGTS,
CHEOPS, TESS, PLATO), which will specifically focus on finding bright, nearby systems. The current
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rapid rate of discovery would allow the target list to be further optimised in the years prior to EChO’s launch
and enable the atmospheric characterisation of hundreds of planets.



Table 1. EChO — Exoplanet Characterisation Observatory — Mission Summary

Key Science
Questions to be
Addressed

Why are exoplanets as they are?

What are the causes for the observed diversity?

Can their formation history be traced back from their current composition and evolution?
How does the Solar System work compared to other planetary systems?

Are planets in the Solar System special in any way?

Science
Objectives

Detection of planetary atmospheres, their composition and structure

Determine vertical and horizontal temperature structure and their diurnal and seasonal variations
Identify chemical processes at work (thermochemistry, photochemistry, transport quenching)
Constrain planetary interiors (breaking the radius-mass degeneracy)

Quantify the energy budget (albedo, temperature)

Constrain formation and evolution models (evidence for migration)

Detect secondary atmospheres around terrestrial planets (evolution)

Investigate the impact of stellar and planetary environment on exoplanet properties

EChO Core
Survey

Three-tier survey of 150-300 transiting exoplanets from gas giants to super-Earths, in the very hot to
temperate zones of F to M type host stars

Target selection before launch based on ESA science team and community inputs

Chemical Census: statistically complete sample detecting strongest atmospheric molecular features
Origin: retrieval of vertical thermal profiles and abundances of trace gases

Rosetta Stone: high signal-to-noise observations yielding refined molecular abundances, chemical
gradients and atmospheric structure; diurnal and seasonal variations; presence of clouds and
measurement of albedo

Delivery of a homogeneous catalogue of planetary spectra

EChO
Observational
Strategy

Transit and eclipse spectroscopy with broad, instantaneous, and uninterrupted spectra covering all
key molecules

High photometric stability on transit timescales

Required SNR obtained by summing a sufficient number of transits or eclipses

Large instantaneous sky coverage

Payload
Telescope

Afocal 3-mirror, off-axis Korsch-like system, 1.5 m x 1 m elliptical M1, unobstructed (effective area
1.13 m?), diffraction-limited at 3 um; <3 um, 80% encircled energy within diameter of 1.6 arcsec.

Payload
Instrument

Highly-integrated broadband spectrometer instrument with modular architecture
Common optical train for all spectrometers and the fine guidance system optical module
Continuous wavelength coverage from 0.4 - 11um in baseline design

Goal wavelength coverage from 0.4 — 16 um.

Resolving powers of A/AA >300 below 5 um, and >30 above 5 um

Passively cooled MCT detectors at ~40K for FGS and science channels < Sum

Active Ne JT Cooler provides cooling to ~28K for science channels > Sum

Spacecraft

Launch mass ~ 1.5 tonnes

Dimensions: @ 3.6 m x 2.6 m. Designs from the two industrial studies shown to the left.

Pointing requirements: coarse APE of 10 arcsec (30); fine APE of 1 arcsec (30); PDE of 20 milli-
arcseconds (10) over 90s to 10hrs; RPE of 50 milli-arcsecond over 90s (10)

Attitude control system: reaction wheels and cold gas system complemented by a Fine-Guidance
System operating in the visible within the AOCS control loop.

Thermal Control System: Passive cooling via 3 V-grooves to <47 K

Telecommand, Telemetry and Communication: X-band, 35 Gbit of science data per week
transmitted with a High Gain Antenna to a 35 m ESTRACK station

Launcher, * Launch from Kourou on a Soyuz-Fregat MT into L2 orbit in 2024 (possible option of launch in
Orbit, Mission 2022)
Phases and * Nominal mission duration 4 years (goal 6 years)
Operations * MOC at ESOC, SOC at ESAC, Instrument Operations and Science Data Centre distributed across
consortium members states
* 14 hours ground contact/week: 2x2 hours for telecommand uplink and science downlink, remainder
for determination of orbital parameters
Data Policy * Short proprietary period after nominal SNR is reached, shrinking to 1 month after 3 years




1. Introduction

1.1 Exoplanets today

Roughly 400 years ago, Galileo’s observations of the Jovian moons sealed the Copernican Revolution, and
the Earth was no longer considered the centre of the Universe (Sidereus Nuncius, 1610). We are now poised
to extend this revolution to the Solar System. The detection and characterisation of exoplanets force the Sun
and its cohorts to abdicate from their privileged position as the archetype of a planetary system.

Recent exoplanet discoveries have profoundly changed our understanding of the formation, structure, and
composition of planets. Current statistics show that planets are common; data from the Kepler Mission and
microlensing surveys indicate that the majority of stars have planets (Fressin et al. 2013; Cassan et al., 2012).
Detected planets range in size from sub-Earths to larger than Jupiter (Figure 1). Unlike the Solar System, the
distribution of planetary radii appears continuous (Batalha et al., 2013), with no gap between 2 to 4 Earth
radii. That is, there appears to be no distinct transition from telluric planets, with a thin, if any, secondary
atmosphere, to the gaseous and icy giants, which retain a substantial amount of hydrogen and helium
accreted from the protoplanetary disk.

The orbital characteristics among the almost 2000 exoplanets detected also do not follow the Solar System
trend, with small rocky bodies orbiting close to a G star and giant gas planets orbiting further out, in roughly
circular orbits. Instead giant planets can be found within 1/10 the semi-major axis of Mercury. Planets can
orbit host stars with an eccentricity well above 0.9 (e.g. HD 80606b), comparable to Halley's comet. Planets
can orbit two mother stars (e.g. Kepler-34b, Kepler-35b, and Kepler-38b): this is not an oddity any more.
Planetary systems appear much more diverse than expected. The Solar System template, well explained by
our current understanding of planetary formation and evolution, does not seem to be generally applicable.
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Figure 1: Currently known exoplanets, plotted as a function of distance to the star and planetary radii
(courtesy of exoplanets.org). The graph suggests a continuous distribution of planetary sizes — from sub-
Earths to super-Jupiters— and planetary temperatures than span two orders of magnitude.

The range of orbital parameters and stellar hosts translates into planetary temperatures that span two orders
of magnitude. This range of temperatures arises from the range of planet-star proximities, where a year can
be less than 6 Earth-hours (e.g. KOI-55b), or over 450 Earth-years (e.g. HR 8799b), and host star
temperatures, which can range from 2200 K to 14000 K. Conditions not witnessed in the Solar System lead
to exotic planets whose compositions we can only speculate about. Currently, we can only guess that the
extraordinarily hot and rocky planets CoRoT-7b, Kepler-10b, Kepler-78b and 55 Cnc-e sport silicate
compounds in the gaseous and liquid phases (Léger et al., 2011, Rouan et al., 2011). “Ocean planets” that
have densities in between those of giant and rocky planets (Léger et al., 2004, Grasset et al., 2009) and
effective temperatures between the triple and critical temperatures of water, i.e. between 273 and 647 K (e.g.
GJ 1214b) may have large water-rich atmospheres. The “Mega-Earth”, Kepler-10c (Dumusque et al., 2014),
is twice the Earth’s size but is seventeen times heavier than our planet, making it among the densest planets
currently known.



The diversity of currently detected exoplanets not only extends the regime of known conditions, it indicates
environments completely alien to the Solar System. Observations demonstrate that the Solar System is not
the paradigm in our Galaxy: one of the outstanding questions of modern astrophysics is to understand why.

Over the past two decades, primary transit and radial velocity measurements have determined the sizes and
masses of exoplanets, thereby yielding constraints on the bulk composition of exoplanets. The missions
NASA-K2 and TESS and ESA-Cheops and PLATO, together with ground-based surveys, will increase by a
factor of five the number of planets for which we have an accurate measurement of mass and radius. While
measurements of the masses and radii of planetary systems have revealed the great diversity of planets and of
the systems in which planets originate and evolve, these investigations generate a host of important
questions:

(1) What are the planets’ core to atmospheric composition relationships? The planetary density alone does
not provide unique solutions. The degeneracy is higher for super-earths and small Neptunes (Valencia et
al.,, 2013). As an example, it must be noted that a silicate-rich planet surrounded by a very thick
atmosphere could have the same mass and radius as an ice-rich planet without an atmosphere (Adams &
Seager 2008).

(i1) Why are many of the known transiting gaseous planets larger than expected? These planets are larger
than expected even when the possibility that they could be coreless hydrogen-helium planets is allowed
for (Bodenheimer et al. 2001, Guillot et al. 2006). There is missing physics that needs to be identified.

(ii1) For the gaseous planets, are elements heavier than hydrogen and helium kept inside a central core or
distributed inside the planet? The distribution of heavy elements influences how they cool (Guillot 2005,
Baraffe et al. 2008) and is crucial in the context of formation scenarios (Lissauer & Stevenson 2007).

(iv) How do the diverse conditions witnessed in planetary systems dictate the atmospheric composition? An
understanding of the processes that steer planetary composition bears on our ability to extrapolate to the
whole galaxy, and perhaps universe, what we will learn in the solar neighbourhood.

(v) How does the large range of insolation, planetary spin, orbital elements and compositions in these
diverse planetary systems affect the atmospheric dynamics? This has direct consequences for our ability
to predict the evolution of these planets (Cho et al., 2003, 2008).

(vi) Are planets around low mass, active stars able to keep their atmospheres? This question is relevant e.g.
to the study habitability, as given the meagre energy output of M dwarfs, their habitable zones are
located much closer to the primary than those of more massive stars (e.g.~ 0.03 AU for stars weighting
one tenth of the Sun) (Lammer, 2013).

We cannot fully understand the atmospheres and interiors of these varied planetary systems by simple
analogy with the Solar System, nor from mass and radii measurements alone. As shown by the historical
investigations of planets in our own Solar System, these questions are best addressed through spectroscopic
measurements. However, as shown by the historical path taken in astronomy, a large sample and range of
planetary atmospheres are needed to place the Solar System in an astronomical context. Spectroscopic
measurements of a large sample of planetary atmospheres may divulge their atmospheric chemistry,
dynamics, and interior structure, which can be used to trace back to planetary formation and evolution.

In the past decade, pioneering results have been obtained using transit spectroscopy with Hubble, Spitzer and
ground-based facilities, enabling the detection of a few of the most abundant ionic, atomic and molecular
species and to constrain the planet’s thermal structure (e.g. Charbonneau et al., 2002; Vidal-Madjiar et al.,
2003; Knutson et al., 2007; Swain et al., 2008; Linsky et al., 2010; Snellen et al., 2010, 2014; Majeau et al.,
2012). The infrared range, in particular, offers the possibility of probing the neutral atmospheres of
exoplanets. In the IR the molecular features are more intense and broader than in the visible (Tinetti et al.,
2007b) and less perturbed by clouds, hence easier to detect. On a large scale, the IR transit and eclipse
spectra of hot-Jupiters seem to be dominated by the signature of water vapour (e.g. Barman 2007, Beaulieu
et al. 2010; Birkby et al., 2013; Burrows et al. 2007, Charbonneau et al. 2008; Crouzet et al. 2012, 2014;
Danielski et al. 2014; Deming et al. 2013; Grillmair et al. 2008; Kreidberg et al., 2014b, McCullough et al.
2014; Swain et al. 2008, 2009; Tinetti et al. 2007, 2010, Todorov et al., 2014), similarly, the atmosphere of
hot-Neptune HAT-P-11b appears to be water-rich (Fraine et al., 2014). The data available for other warm
Neptunes, such as GJ 436b, GJ 3470b are suggestive of cloudy atmospheres and do not always allow a
conclusive identification of their composition (Stevenson et al. 2010; Beaulieu et al. 2011; Knutson et al.
2011; Morello et al., 2015; Fukui et al. 2013; Ehrenreich et al, 2014).
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The analysis of the transmission and day-side spectra for the transiting 6.5 Mg, super-Earth GJ 1214b
suggests either a metal-rich or a cloudy atmosphere (Bean et al. 2010; Berta et al., 2012; Kreidberg et al.,
2014, Stevenson et al., 2014).

Despite these early successes, the data available are still too sparse to provide a consistent interpretation, or
any meaningful classification of the planets analysed. The degeneracy of solutions embedded in the current
transit observations (Swain et al., 2009; Madhusudhan and Seager, 2009; Lee et al., 2012; Line et al., 2013;
Waldmann et al., 2014) inhibits any serious attempt to estimate the elemental abundances. New and better
quality data are needed for this purpose.

Although these and other data pertaining to extrasolar planet atmospheres are tantalising, uncertainties
originating in the narrow-band spectra and sparsity/non simultaneity of the data and, in some cases, low
signal to noise ratio, mean that definitive conclusions concerning atmospheric abundances cannot be made
today. Current data do not allow one to discriminate between different formation and evolution scenarios for
the observed planets.

Formation

Figure 2: Key physical processes influencing the composition and structure of a planetary atmosphere.
While the analysis of a single planet cannot establish the relative impact of all these processes on the
atmosphere, by expanding observations to a large number of very diverse exoplanets, we can use the
information obtained to disentangle the various effects.

The Exoplanet Characterisation Observation (EChO) is a dedicated space-borne telescope concept whose
characteristics are summarised in Table 1.The spectral coverage and stability to be achieved by an EChO-
like mission would be a game changer, allowing atmospheric compositions to be measured with unparalleled
exactness: statistically speaking, at least a factor 10 more precisely and a factor 10 to 1000 more accurately
than current observations. This would enable the detection of molecular abundances three orders of
magnitude smaller than currently possible. We would anticipate at least a fourfold increase from the handful
of molecules currently detected today. Each of these molecules tells us a story, and having access to a larger
number means understanding aspects of these exotic planets that are today completely ignored. Combining
these data with estimates of planetary bulk compositions from accurate measurements of their radii and
masses will allow degeneracies associated with planetary interior modelling to be broken (Adams et al 2008,
Valencia et al., 2013), giving unique insight into the interior structure and elemental abundances of these
alien worlds.

1.1.1 Major classes of planetary atmospheres: what should we expect?

EChO would address the fundamental questions “what are exoplanets made of?” and “how do planets form
and evolve?” through direct measurement of bulk and atmospheric chemical composition. EChO can observe
super-Earths, Neptune-like and Jupiter-like exoplanets around stars of various masses. These broad classes of
planets are all expected to have very different formation, migration and evolution histories that will be
imprinted on their atmospheric and bulk chemical signatures. Many theoretical studies have tried to
understand and model the various processes controlling the formation and evolution of planetary
atmospheres, with some success for the Solar System. However, such atmospheric evolution models need
confirmation and tight calibrations from observations. In Figure 3 we show the predicted bulk atmospheric
compositions as a function of planetary temperature and mass (Leconte, Forget & Lammer, 2014; Forget &
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Leconte, 2014) and we briefly describe in the following paragraphs the possible origins of the various
scenarios.
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Figure 3: Schematic summary of the various classes of atmospheres as predicted by Leconte, Forget &
Lammer (2014). Only the expected dominant species are indicated, other (trace) gases will be present. Each
line represents a transition from one regime to another, but these “transitions” need tight calibrations from
observations. Interestingly, many atmospheric-regime transitions occur in the high-mass/high-temperature,
domain, which is exactly where EChO is most sensitive.

H/He dominated — Hydrogen and helium being the lightest elements and the first to be accreted, they can
most easily escape. The occurrence of H/He dominated atmospheres should thus be limited to objects more
massive than the Earth. Because giant planets play a pivotal role in shaping planetary systems (e.g. Tsiganis
et al. 2005, Turrini, Nelson, Barbieri, 2014), determining precisely their internal structure and composition is
essential to understand how planets form. In particular, the abundances of high-Z elements compared to the
stellar values and the relative ratios of the different elements (e.g. C, N, S) represent a window on the past
histories of the extrasolar systems hosting the observed planets.

In the Solar System, none of the terrestrial planetary bodies managed to accrete or keep their primordial
H/He envelope, not even the coldest ones which are less prone to escape. The presence of a large fraction of
primordial nebular gas in the atmosphere of warm to cold planets above a few Earth masses should be fairly
common. However, being more massive than that is by no means a sufficient condition: some objects have a
bulk density similar to the Earth up to 8-10 Mgum. Possibly planets forming on closer orbits can accrete less
nebular gas (Ikoma & Hori, 2012), or hotter planets exhibit higher escape rates.

Thin silicate atmospheres — For very hot or low mass objects (lower part of Figure 3), the escape of the
lightest elements at the top of the atmosphere is a very efficient process. Bodies in this part of the diagram
are thus expected to have tenuous atmospheres, if any. Among the most extreme examples, some rocky
exoplanets, such as CoRoT- 7 b or 55 Cnc e, are so close to their host star that the temperatures reached on
the dayside are sufficient to melt the surface itself. As a result some elements, usually referred to as
“refractory”, become more volatile and can form a thin “silicate” atmosphere (Léger et al., 2011). Depending
on the composition of the crust, the most abundant species should be, by decreasing abundance, Na, K, O,, O
and SiO. In addition, silicate clouds could form.

H,0/CQO5/N; atmospheres — In current formation models, if the planet is formed much closer to —or even
beyond— the snow line', the water content of the planetesimals could be significantly large and tens to
thousands of Earth oceans of water could be accreted (Elkins-Tanton, 2011). This suggests the existence of a
vast population of planets with deep oceans (aqua-planets) or whose bulk composition is dominated by water
(Ocean planets (Léger et al., 2004)). Another source of volatiles are the planetesimals that accrete to form the
bulk of the planet itself. These will be the major sources of carbon compounds (mainly CO, and possibly
CH,), water (especially if they formed beyond the snow line), and, to a lesser extent, N,/NH; and other trace
gases. In the case of rocky planets, their low gravity field leads to H, escape. On a much longer, geological
timescale, the volatiles that remained trapped in the mantle during the solidification can be released through

" Snow line: distance from a central protostar at which ice grains can form. This occurs at temperatures of ~ 150-170 K
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volcanic outgassing. Along with H,O and CO,, this process can bring trace gases to the surface, such as H,S,
SO,, CH4, NH;, HF, H,, CO and noble gases. On Earth and Mars, there is strong evidence that this secondary
outgassing has played a major role in shaping the present atmosphere (Forget & Leconte, 2014).

Water vapour has a tendency to escape, as illustrated by the atmospheric evolutions of Mars and Venus. This
certainly happened to the terrestrial planets in our Solar System. In Venus’ and Mars’ atmospheres the D/H
ratio is between 5 and 200 times the Solar ratio, suggesting water on the surface was lost through time. Also
their global atmospheric composition, with mostly CO, and a few percent of N,, are similar. The surface
pressures and temperatures are very different, though, as a result of their different initial masses and
evolutions. The Earth is an exception in the Solar System, with the conversion of CO; in the water oceans to
CaCO; and the large abundance of O, (and its photodissociation product Os;) as a consequence of the
appearance of life (Lovelock 1975; Rye & Holland 1998).

Within each of the above planet taxonomic classes, the stochastic nature of planetary formation and
evolution will be reflected in significant variations in the measured abundances, providing important
information about the diverse pathways experienced by planets that reside within the same broad class. Our
Solar System only provides one or two particular examples, if any, for each of the aforementioned planetary
classes. It is therefore impossible to understand the “big picture” on this basis. This is where extrasolar
planets are an invaluable asset. This means that, even before being able to characterise an Earth-like planet in
the habitable zone, we need to be able to characterise giant planets’ atmospheres and exotic terrestrial planet
atmospheres in key regimes that are mostly unheard of in the Solar System. Thus, the first observations of
exoplanet atmospheres, whatever they show, will allow us to make a leap forward in our understanding of
planetary formation, chemistry, evolution, climates and, therefore, in our estimation of the likelihood of life
elsewhere in the universe. Only a dedicated transit spectroscopy mission can tackle such an issue.

1.2 The case for a dedicated mission from space

EChO has been designed as a dedicated survey mission for transit and eclipse spectroscopy capable of
observing a large, diverse and well-defined planet sample within its four years mission lifetime. The transit
and eclipse spectroscopy method, whereby the signal from the star and planet are differentiated using
knowledge of the planetary ephemerides, allows us to measure atmospheric signals from the planet at levels
of at least 10 relative to the star. This can only be achieved in conjunction with a carefully designed stable
payload and satellite platform.

It is also necessary to have a broad instantaneous wavelength coverage to detect as many molecular species
as possible, to probe the thermal structure of the planetary atmospheres and to correct for the contaminating
effects of the stellar photosphere. Since the EChO investigation include planets with temperatures spanning
from ~ 300K up to ~3000K, this requires a wavelength coverage ~ 0.55 to 11 pum with a goal of covering
from 0.4 to 16 um. Only modest spectral resolving power is needed, with R~100 for wavelengths less than 5
um and R~30 for wavelengths greater than this.

The transit spectroscopy technique means that no angular resolution is required. A telescope collecting area
of about 1 m” is sufficiently large to achieve the necessary spectro-photometric precision: for this study the
telescope has been assumed 1.13 m’, diffraction limited at 3 pm. Placing the satellite at L2 provides a cold
and stable thermal environment as well as a large field of regard to allow efficient time-critical observation
of targets randomly distributed over the sky. EChO was designed to achieve a single goal: exoplanet
spectroscopy.

It is important to realise that a statistically significant number of observations must be made in order to fully
test models and understand which are the relevant physical parameters. This requires observations of 